We present the status and update of a new approach to quantum general relativity as formulated by Feynman from the Einstein-Hilbert action wherein amplitude-based resummation techniques are applied to the theory's loop corrections to yield results (superficially) free of ultraviolet(UV) divergences. Recent applications are summarized.
The most basic law of physics, Newton's law, follows in a special case of the classical solutions of Einstein's equation
where R = R α α is the curvature scalar, R αγ is the contracted Riemann tensor, T αγ is the energy momentum tensor, g αγ is the metric of space-time, G N is Newton's constant and Λ is the cosmological constant. The many wellknown successful tests of the classical physics in Einstein's theory underscore the need for an experimentally verified treatment of the quantum physics in the theory. The most accepted approach is of course the superstring theory [1] and recently the loop quantum gravity formalism [2] has had success. Here we present the status and update of a new approach which we have introduced in Refs. [3, 4] founded on amplitude-based resummation of the large infrared(IR) effects in the theory as formulated by Feynman in Refs. [5] . It does not modify Einstein's theory at all. We will see that it makes contact with the phenomenological asymptotic safety fixed-point approach in Refs. [6] as well. Our approach is thus seen to be consistent with the second of the following four approaches to quantum gravity outlined in Ref. [7] : extension of the Einstein theory, resummation, composite gravitons, and asymptotic safety -fixed point theory. 1 We thus proceed here as follows. We start by reviewing briefly Feynman's formulation of Einstein's theory.
We follow this with a brief description of our resummed version of Feynman's formulation. We close with the update of our recent applications. More specifically, for the known world, we have the generally covariant Lagrangian
where g = detg µν , κ = √ 8πG N ≡ 8π/M 2 P l where M P l is the Planck mass, and L G SM (x) is obtained from the usual Standard Model Lagrangian L SM (x) by well-known general covariantization steps that are described in Ref. [4] , for example. For reasons of pedagogy [5] , we restrict our attention to the free massive physical Higgs scalar in L SM (x), ϕ, with a mass known to be greater than 114.4 GeV with 95% CL [9] . Accordingly, we consider the representative model [5] 
The scalar one-loop contribution to the graviton propagator. q is the 4-momentum of the graviton.
Here, ϕ(x) ,µ ≡ ∂ µ ϕ(x), and g µν (x) = η µν + 2κh µν (x) where we follow Feynman and expand about Minkowski space so that η µν = diag{1, −1, −1, −1}. We have introduced the notation [5] ȳ µν ≡ 1 2 (y µν + y νµ − η µν y ρ ρ ) for any tensor y µν 2 . Thus, m o is the bare mass of our free Higgs field and we set the small observed [10] value of the cosmological constant Λ to zero so that our quantum graviton has zero rest mass. We return to this point, however, when we discuss phenomenology. The Feynman rules for (2) have been essentially worked out in Refs. [5] , including the rule for the famous Feynman-Faddeev-Popov [5, 11] ghost contribution that must be added to it to achieve a gauged-fixed unitary theory (we use the gauge of Feynman in Ref. [5] , ∂ µh νµ = 0), so we do not repeat this material here. We turn instead directly to the issue of the effect of quantum loop corrections in the theory in (2) . Specifically, the one-loop corrections to the graviton propagator due to matter loops is just given by the diagrams in Fig. 1 . These graphs, with superficial degree of divergence 4, already illustrate the bad UV(ultra-violet) behavior of quantum gravity as formulated by Feynman. It is well-known that theory is in fact non-renormalizable and we have proposed amplitude-based exact resummation [3, 4] as an approach to deal with such bad UV behavior. More precisely, from the electroweak resummed formula of Ref. [12] for the massive charged fermion proper self-energy for definiteness,
which implies the exact result
for Σ ′ F (p) = ∞ n=1 Σ ′ F n , we need to find the quantum gravity analog of
where λ ≡ IR cut-off and
We show in Refs. [3, 4] that the Feynman rules for (2) lead to the results
and
.
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This latter equation is fundamental result. We stress already that, as Σ ′ s starts in O(κ 2 ), we may drop it in calculating one-loop effects and that explicit evaluation gives, for the deep UV regime,
which shows that the resummed propagator falls faster than any power of |k 2 |!(if m vanishes, using the usual −µ
|k 2 | which again vanishes faster than any power of |k 2 |! We show in Refs. [3, 4] that these results render all quantum gravity loops finite. We have called this representation of Einstein's theory resummed quantum gravity. Turning now to the applications of our approach to quantum gravity, we note that the respective resummed [3, 4] prediction for the graviton propagator implies [3, 4] the Newtonian potential
for a ∼ = 0.210M P l , so that we agree with the phenomenological asymptotic safety approach of Refs. [6] for the UV fixed point behavior
of the running Newton constant. Accordingly, we show in Refs. [3, 4] that like Refs. [6] also find that elementary particles with mass less than M cr ∼ M P l have no horizons 3 . We have more recently shown that the final state of
Hawking radiation for an originally very massive black hole is a Planck scale remnant with mass ∼ 2.4M P l which may decay into cosmic rays that therefore have Planck scale energies [4] . We have encouraged experimentalists to search for such. In addition to our result for g * in (11) we also get UV fixed-point behavior for Λ(k)/k 2 : using Einstein's equation
and the point-splitting definition
we get for a scalar the contribution to Λ, in Euclidean representation,
with
. For a Dirac fermion, we get [13] −4 times this contribution. In this way, we get the UV limit, using
where F j is the fermion number of j, n j is the effective number of degrees of freedom of j, 1/ρ avg is the attendant average value of 1/ρ and we have used the result in eq.(17) in Ref. [13] for a -see also Refs. [3, 4] . It follows that all of the Planck scale cosmology results of Bonanno and Reuter [6] hold, but with definite results for the limits k 2 G N (k) = g * and λ * for k 2 → ∞ -we get (g * , λ * ) ∼ = (0.0442, 0.232), to be compared with the estimates in Refs. [6] , which give (g * , λ * ) ≈ (0.27, 0.36) and similar phenomenology [13] : we have a rigorous basis for solutions to the horizon and flatness problems and the scale free spectrum of primordial density fluctuations and initial entropy problems by Planck and sub-Planck scale quantum physics. We look forward to further applications of our approach to Feynman's formulation of Einstein's theory.
